We present an efficient numerical technique to simulate the third order Kerr effect in wavelength scale dielectric structures by expanding upon the eigenmode expansion method. A two-dimensional spatial grid models the intensity dependent refractive index. By performing an iteration of linear eigenmode calculations, this index grid converges to the rigorous continuous-wave nonlinear solution. Because the underlying eigenmode tool is bidirectional, feedback effects such as bistability can be calculated. We describe the influence of grid size, quantitative agreement with the literature and a photonic crystal switch. The differences with other methods, such as finite-difference time-domain and beam propagation method, are discussed.
Introduction
The study of all-optical functions generates an interest in nonlinear effects. A lot of attention is paid to the almost instantaneous Kerr effect, giving rise to an intensity dependent index change, allowing very fast processing. The strong confinement in advanced wavelength scale structures, such as photonic crystals or photonic wires, makes it possible to use these weak effects with modest powers in integrated devices. Therefore there is a need for accurate and efficient methods to simulate these structures.
Among the available methods to model complex nonlinear devices we mention the finite-difference time-domain method (FDTD) (Taflove 1998) and the beam propagation method (BPM) (Burzler et al. 1996) . Each have their specific characteristics. FDTD e.g. models the full temporal evolution of a pulse-like excitation, but typically demands heavy calculations. BPM on the other hand propagates with small spatial steps along a certain direction and is most suitable in situations with fields propagating primarily in one direction, thus without multiple reflections.
Here we propose an alternative, building upon the eigenmode expansion method as implemented in Bienstman and Baets (2001) . Mode expansion ingeneral has a lot of attractive features such as rigorousness, efficiency, Optical and Quantum Electronics 36: 15-24, 2004. perfectly matched layer (PML) boundary conditions, etc. Our nonlinear extension enjoys these benefits and in addition, because we work in the frequency domain, we immediately get continuous-wave (CW) solutions. To get these solutions in FDTD we need to model long pulses, leading to long calculation times. Moreover, contrary to standard BPM, modes propagating in both directions are handled, thus it is possible to calculate nonlinear feedback and interference effects, such as bistability.
In Section 2, we give a short overview of the linear mode expansion method and then present the nonlinear extension. The method uses a grid and we will discuss the fineness thereof in Section 3 by a waveguide example. Then we will compare our results in Section 4 with a bistable grating structure from the literature. A more challenging device consisting of a photonic crystal cavity will be discussed in Section 5. After that a review of characteristics and a comparison with other methods is given in Section 6.
Method
The mode expansion method is now well established to model complex dielectric structures with linear materials. Before embarking upon nonlinear problems it is helpful to review its basic principles.
LINEAR EIGENMODE EXPANSION
After defining a main propagation direction, one divides the structure in longitudinally invariant sections, as in Fig. 1 . The field in such a section or slab can be described by a superposition of eigenmodes. The field profiles and propagation constants of these modes are derived from the transversal index profile. The electromagnetic fields in a section are in this way reduced to a vector of complex mode amplitudes: Fig. 1 . A simple structure with three sections.
